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ABSTRACT
We present an investigation of a coronal cavity observed above the western limb in the coronal red
line Fe X 6374 A˚ using a telescope of Peking University and in the green line Fe XIV 5303 A˚ using
a telescope of Yunnan Observatories, Chinese Academy of Sciences during the total solar eclipse on
2017 August 21. A series of magnetic field models are constructed based on the magnetograms taken
by the Helioseismic and Magnetic Imager onboard the Solar Dynamics Observatory (SDO) one week
before the eclipse. The model field lines are then compared with coronal structures seen in images
taken by the Atmospheric Imaging Assembly on board SDO and in our coronal red line images.
The best-fit model consists of a flux rope with a twist angle of 3.1pi, which is consistent with the
most probable value of the total twist angle of interplanetary flux ropes observed at 1 AU. Linear
polarization of the Fe XIII 10747 A˚ line calculated from this model shows a “lagomorphic” signature
that is also observed by the Coronal Multichannel Polarimeter of the High Altitude Observatory.
We also find a ring-shaped structure in the line-of-sight velocity of Fe XIII 10747 A˚, which implies
hot plasma flows along a helical magnetic field structure, in the cavity. These results suggest that
the magnetic structure of the cavity is a highly twisted flux rope, which may erupt eventually. The
temperature structure of the cavity has also been investigated using the intensity ratio of Fe XIII
10747 A˚ and Fe X 6374 A˚.
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1. INTRODUCTION
Solar coronal cavities are elliptical regions
of reduced coronal emission with rarefied den-
sity (Fuller & Gibson 2009; Gibson et al. 2010;
Forland et al. 2013), which are usually observed
to be associated with prominences above the so-
lar limb (Tandberg-Hanssen 1995; Hudson et al.
1999). The first records of cavities were ob-
tained in white light (WL) during the solar
eclipse on 1898 January 22 (Wesley, W. H.
1927). Since then cavities have been ob-
served in different wavelength ranges such as
in radio, WL, extreme ultraviolet (EUV) and
soft X-ray (e.g., Marque´ et al. 2002; Marque´
2004; Gibson et al. 2006; Re´gnier et al. 2011;
Hudson et al. 1999; Hudson & Schwenn et al.
2000; Heinzel et al. 2008). Reeves et al. (2012)
found elevated temperatures in the core of
a cavity. A cavity may erupt and be ob-
served as part of Coronal Mass Ejections
(CMEs) (e.g., Illing & Hundhausen et al. 1986;
Tandberg-Hanssen 1995; Hudson et al. 1999).
However, quiescent cavities can exist for days or
weeks in equilibrium before eruption (Gibson et al.
2006). Investigations of the magnetic structures
of quiescent cavities are important to establish
the pre-eruption magnetic configurations and
understand magnetic structures of the corona
as a whole.
However, precise magnetic field measurements
through the Zeeman effect are limited to the
photosphere. Direct measurement of the coro-
nal magnetic fields is difficult.This is because
the Zeeman splitting in corona is often negligi-
ble due to the weak magnetic field, previously
estimated to be of the order of 10 G (Harvey
1969; Kuhn 1995; Lin et al. 2000), and most
coronal spectral lines have a very large broad-
ening due to the high temperature. Lin et al.
(2000, 2004) have tried to measure the coronal
magnetic fields through the Zeeman effect us-
ing some strong near-infrared coronal emission
lines. However, their integration time was very
long (∼70 minutes). Thus, their measurements
could not reveal the temporal evolution of the
magnetic fields in the highly dynamic corona.
Also their observed regions are strong-field ac-
tive regions. It is very difficult to measure the
coronal magnetic fields in the weak-field quiet-
Sun regions, e.g., the cavities.
Fortunately, linear polarization measurements
of some coronal forbidden lines can reveal the
direction of coronal magnetic fields in the plane
of sky, although linear polarization is not sen-
sitive to the magnetic field strength (Charvin
1965). The Coronal Multichannel Polarimeter
(CoMP) observes complete polarization states
and Doppler velocities of the forbidden lines Fe
XIII 10747 A˚ & 10798 A˚ (Tomczyk et al. 2008),
which has revealed valuable information on the
coronal magnetic fields. For instance, different
magnetic field structures often produce different
polarization signatures. Through the polariza-
tion measurement of CoMP, one can identify
possible magnetic field morphology in differ-
ent regions of the corona (e.g., Rachmeler et al.
2013). The Doppler shift measurement has also
provided significant insight into the magnetic
structures of coronal cavities. For instance,
Ba¸k-Ste¸s´licka et al. (2016) found that a large
fraction of cavities possess nested rings of line-
of-sight velocity, strongly indicating a line-of-
sight oriented and axial magnetic field within
the cavities. In addition, the Doppler shift mea-
surements have also revealed significant insight
into the propagation of coronal mass ejections
(Tian et al. 2013) and coronal Alfve´nic waves
(Tomczyk et al. 2007; Tomczyk & McIntosh
2009; McIntosh & De Pontieu 2012; Threlfall et al.
2013; Liu et al. 2014; Morton et al. 2015). Ob-
servations of the waves could also provide infor-
mation on the coronal magnetic field through
coronal seismology.
Magnetic flux ropes are often involved in mag-
netic field models of cavities (e.g., Priest et al.
1989; Low & Hundhausen 1995; Gibson & Low
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1998; van Ballegooijen 2004; Fan 2010). In re-
cent years forward calculations using the toolset
of FORWARD (Gibson et al. 2016) have been
often used to help distinguish between differ-
ent magnetic field models by comparing the cal-
culated and observed linear polarization. For
instance, Dove et al. (2011) performed FOR-
WARD calculation for a spheromak-type mag-
netic flux rope in the model of Gibson & Low
(1998), and found a ring-shaped structure in the
linear polarization that is consistent with CoMP
observation of a cavity. With CoMP obser-
vations, Ba¸k-Ste¸s´licka et al. (2013) found that
the “lagomorphic” signature in linear polariza-
tion is common in quiescent prominence cavi-
ties. Then they performed FORWARD calcula-
tion for an arched cylindrical flux rope, which
was taken from the three-dimensional magneto-
hydrodynamic (MHD) simulation of Fan (2010),
and found that the calculated linear polariza-
tion also reveals such a lagomorphic structure.
In most of these previous investigations, the
magnetic field models are given analytically or
taken from MHD simulations. The first at-
tempt of applying the FORWARD calculation
to magnetic flux-rope models constructed using
observed photospheric magnetograms was made
by Jibben et al. (2016). These authors also
found a lagomorphic structure in the calculated
linear polarization, which is consistent with
the linear polarization of the associated cav-
ity observed by CoMP. However, the Doppler
shift measurement of CoMP does not reveal
any nested rings of line-of-sight velocity in this
cavity. Obviously, FORWARD calculations for
magnetic field structures constructed using the
observed magnetograms are still highly desired
to improve our understanding of the magnetic
environment of the prominence-cavity system.
In this paper, we present an investigation of
a cavity observed above the western limb of
the Sun during the total solar eclipse on 2017
August 21. We construct a series of magnetic
field models based on the magnetograms taken
one week before the totality with the Helioseis-
mic and Magnetic Imager (HMI, Schou et al.
2012) onboard the Solar Dynamics Observa-
tory (SDO). We then perform FORWARD cal-
culations for these models, and the calculated
linear polarization signals are compared with
CoMP observations. The model field lines are
also compared with the coronal structures seen
in images taken by the Atmospheric Imaging
Assembly (AIA) (Lemen et al. 2012) on board
SDO and the coronal red line images taken
during our eclipse expedition. These compar-
isons suggest a highly twisted flux rope within
the cavity. The Doppler shift measurement of
CoMP also supports this scenario. We also ex-
amine the thermal properties of the cavity using
the ratio of Fe XIII 10747 A˚ and Fe X 6374 A˚.
2. OBSERVATIONS AND DATA
REDUCTION
A total solar eclipse occurred across the con-
tinental United States on 2017 August 21.
Among several professional eclipse observing
teams, there is one consisting of solar physicists
from Yunnan Observatories (YNO) of Chinese
Academy of Sciences, Peking University (PKU),
and Sichuan University of Science and Engi-
neering. This eclipse expedition team have per-
formed successful scientific observations of the
corona at Dallas, Oregon, located at N44◦55’
and W123◦18’. The totality started at 17:16:57
UT and lasted for approximately 1 minute and
57 seconds at this site. A brief description
of the telescopes and scientific objectives of
this eclipse expedition team can be found in
Tian et al. (2017).
Here we use images taken by two telescopes
of this eclipse expedition team: PKU′s Coro-
nal Red line Imaging Telescope (CRIT) and
YNO′s Green Line Imaging Polarimetric Tele-
scope (GLIPT). The images of CRIT were taken
through a 5 A˚ FWHM bandpass filter, centered
at the coronal red line Fe X 6374 A˚. A LXC-
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250M camera manufactured by Baumer Group
was used for the imaging experiment, which pro-
vided data in 10 byte format. The camera has a
5120×5120 CMOS array with a pixel size of 4.5
µm, coupled with a 15.2 cm aperture refracting
telescope with a focal ratio of f/10. The spa-
tial pixel size is 0.76 arcsec. The flat field and
dark current were assessed after the totality. All
the red line images are reduced by subtracting
the corresponding dark current and dividing by
the normalized flat field. Then all the images
are rotated to make the vertical axis aligned in
the solar north-south direction. Figure 1 shows
two reduced coronal red line images taken by
CRIT during the totality at 17:18:41 UT and
17:18:56 UT, respectively. Since the emission
of Fe X 6374 A˚ is very weak far from the disk
center, only part of the full field of view (FOV)
is shown. The left image shows a clear cavity
structure above the west limb, around the equa-
tor. The right image reveals the Baily’s beads
observed when the totality was just over.
The GLIPT took images of the polarization
states of the coronal green line Fe XIV 5303 A˚
in a wide bandpass (100 A˚). This telescope is a
refractive telescope with an 8 cm aperture. A
series of flat field and dark current images for
each polarization states were taken after the to-
tality. Once the dark currents are subtracted
and the flat fields are corrected, the Stokes I
images of the coronal green line are obtained.
These images are then rotated to make the ver-
tical axis aligned in the north-south direction.
We use the line of sight magnetograms taken
by the SDO/HMI instrument to construct mag-
netic field models. These magnetograms were
taken with a cadence of 45 seconds and a pixel
size of ∼0.5 arcsec. The full-disk SDO/AIA im-
ages taken in the passbands of 304 A˚, 171 A˚ and
211 A˚ are also used in our study. These images
were taken with a pixel size of ∼0.6 arcsec and
a cadence of 12 seconds.
We have processed both the images of coronal
red line and green line using the Noise Adap-
tive Fuzzy Equalization (NAFE) method devel-
oped by Druckmu¨ller (Druckmu¨ller M. 2013) to
enhance fine structures in the corona. Figure
2 presents two composite coronal images. The
off-limb parts of both images are the blends of
enhanced red line and green line images. The
red line images taken at 17:18:41 UT are shown
in red, and the green line images are shown in
green. The disk parts are images taken by the
AIA 171 A˚ (left panel) and 211 A˚ (right panel)
at 17:18 UT, respectively. It is known that a
combination of red line and green line images
allows a temperature diagnostics, as under ion-
ization equilibrium the red and green lines are
emitted from the plasmas with a temperature of
about one million and two millions Kelvin, re-
spectively (e.g., Habbal et al. 2010, 2011). Fig-
ure 2 clearly reveals a lower temperature in
polar coronal holes and a higher temperature
in active regions. We also find that the cavity
above the west limb is much more prominent in
the processed/enhanced images.
The CoMP instrument also performed coronal
observations during the totality. The CoMP im-
ages have a pixel size of ∼4.5 arcsec. The FOV
of CoMP is 1.04 − 1.4 R⊙. We use the Fe XIII
10747 A˚ data sampled at three spectral loca-
tions of 10745.0 A˚, 10746.2 A˚ and 10747.4 A˚
during the totality. Sequential images of dif-
ferent polarization states (Stokes I, Q, and U)
were obtained at each of these three spectral lo-
cations with a cadence of 30 seconds. Using the
analytical Gaussian fit introduced by Tian et al.
(2013), we can deduce the intensity and Doppler
velocity of the Fe XIII line. By treating the line-
averaged Stokes Q and U as the Stokes Q and U
of the emission line, the total linear polarization
L can be calculated as
√
Q2 + U2.
3. MAGNETIC FIELD MODELING
To understand the magnetic structure of the
cavity, we construct magnetic field models us-
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Figure 1. Images of the coronal red line (Fe X 6374 A˚) taken by CRIT at 17:18:41 UT (left panel) and
17:18:56 UT (right panel). The left image shows a cavity above the west limb and the right one shows the
Baily’s beads.
Figure 2. Composite images of the solar corona. In each panel, the solar disk part is an image taken by
SDO/AIA (left: 171 A˚ passband; right: 211 A˚ passband). The off-limb part in both panels are the same,
showing a composite and enhanced image of the coronal red line and green line. These images were all taken
at 17:18 UT.
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ing the flux rope insertion method developed by
van Ballegooijen (van Ballegooijen 2004). We
briefly introduce the method below, for detailed
descriptions please refer to Bobra et al. (2008)
and Su et al. (2009, 2011).
Path 1
Path 2
SDO/HMI 2017 AUG 14 17:18 UT
Figure 3. The longitude–latitude images of the ra-
dial component of the photospheric magnetic field
by SDO/HMI in the HIRES region at 17:18 UT on
2017 August 14. The blue curves with circles at the
two ends refer to the paths along which we insert
flux ropes.
At first, a potential field model (Model 2)
is computed from the high-resolution (HIRES)
and global magnetograms observed by SDO/HMI.
Since the prominence is observed near the west
limb, we have to use a magnetogram taken
several days before the prominence/cavity ob-
served on 2017 August 21. Similar methodol-
ogy has also been used in our previous studies
(Su & van Ballegooijen 2012; Su et al. 2015).
The lower boundary condition for the HIRES
region is derived from the photospheric line-of-
sight magnetograms obtained at 17:18 UT on
August 14. The longitude-latitude map of the
radial component of the magnetic field in the
HIRES region is presented in Figure 3. The
HIRES computational domain extends about
88◦ in longitude, 80.3◦ in latitude, and up to
2 R⊙ from the Sun center. The models use
variable grid spacing to achieve high spatial
resolution in the lower corona (i.e., 0.002R⊙)
while covering a large coronal volume in and
around the target region. Two paths marked
with blue curves are selected according to the
locations of the observed filaments. Path 1 rep-
resents the filament corresponding to our target
cavity observed on the limb, and another quies-
cent filament is represented by path 2. Next we
modify the potential field to create cavities in
the region above the selected paths, then insert
two thin flux bundles (representing the axial
flux Φaxi of the flux rope) into the cavities. Cir-
cular loops are added around the flux bundle to
represent the poloidal flux Fpol of the flux rope.
The resulted magnetic fields are not in force-
free equilibrium. We then use the magneto-
frictional relaxation to drive the field towards
a force-free state (van Ballegooijen et al. 2000;
Yang et al. 1986).
We construct a series of magnetic field models
by varying the axial and poloidal fluxes of the
inserted flux ropes. One of the best-fit mod-
els (Model 1) after 30000-iteration relaxations
is presented in Figure 4. The initial inserted
poloidal fluxes are −1010 and 0 Mx cm−1, and
the axial fluxes are 2×1020 and 1020 Mx for
paths 1 and 2, respectively. SDO/AIA 171 A˚
image is presented on the top left panel, which
shows that this region has two quiescent fila-
ment channels marked by white arrows. The
cavity and prominence structure is shown on
the top middle and right panels. The bottom
row shows the same images overlaid with se-
lected field lines from the best-fit model. The
shape, location and size of the model field lines
match the observed filament channel and cav-
ity well. The dips of the model field lines also
closely match the observed limb prominence.
The northern filament channel and cavity cor-
respond to a twisted flux rope, while the south-
ern quiescent filament channel is consistent with
sheared-arcade structure.
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(a) (b) (c)
(d) (e) (f)
Red line 2017−08−21 17:18 UTSDO/AIA 171 2017−08−14 17:17 UT SDO/AIA 304 2017−08−21 17:17  UT
Figure 4. Comparison between observations and the best-fit magnetic field model (Model 1) after 30000-
iteration relaxations. The top panels from left to right, present images in 171 A˚ by SDO/AIA, red line by
CRIT, and 304 A˚ by SDO/AIA. Corresponding images overlaid with selected field lines (color lines) or dips
(blue features in panel f) from the best-fit model are presented in the bottom panels. The locations of dips
in the field lines refer to the sites where the field lines are locally horizontal and curved upward (light blue
for low-lying dips, darker blue at larger heights). The red and green contours in panels (a) and (d) represent
positive and negative magnetic polarities taken by SDO/HMI.
The twist angle of the flux rope can be esti-
mated as Φ = 2piFpolL/Φaxi (Savcheva & van Ballegooijen
2009). “L” refers to the length of the flux rope,
which is estimated by the length of a randomly
selected field line in the center of the flux rope
(Su et al. 2011). This length is about 4.5×1010
cm for the northern flux rope. The poloidal
flux of the northern flux rope decreases from
−1010 Mx cm−1 at the beginning to −7 × 109
Mx cm−1 after 30000-iteration relaxations. Ac-
cordingly, the twist angle of the northern flux
rope is 3.1pi after 30000-iteration relaxations.
The northern flux rope is kink stable, since the
twist angle (3.1pi) is below the critical twist
(3.5pi) for kink instability in the numerical
modeling in more idealized configurations (e.g.,
Fan & Gibson 2003, 2004; Gibson et al. 2004;
Kliem et al. 2004; To¨ro¨k et al. 2004), although
it exceeds the critical twist (2.5pi) derived by
Hood & Priest (1981) for a line-tying force-free
magnetic flux rope. The twist angle (3.1pi)
of the flux rope is consistent with the most
probable value (2pi − 4pi) of the total twist
angle of interplanetary flux ropes observed at
1 AU according to recent statistical study by
Wang et al. (2016).
4. FORWARD CALCULATION
Linear polarization of the Fe XIII 10747 A˚
line is sensitive to the direction of magnetic field
in the plane-of-sky (POS). When the magnetic
field is solely in the POS, or perpendicular to
the line-of-sight (LOS), the magnitude of linear
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polarization reaches the maximum. The signal
of linear polarization vanishes when the mag-
netic field is aligned with the LOS or the in-
clination angle of the magnetic field from local
vertical equals 54.7◦. The later is known as the
Van Vleck effect (van Vleck 1925). Thus the de-
pletion of the magnitude of linear polarization
is very useful for examining the magnetic field
direction.
To compare the constructed magnetic field
models with CoMP observations, we need to cal-
culate the linear polarization from our models.
The FORWARD IDL package (Gibson et al.
2016) available in SolarSoft can be used to cal-
culate the Stokes vector produced along a given
LOS for magnetic field models at the Fe XIII
10747 A˚ line. The FORWARD calculations are
based on the location and local plasma param-
eters including the magnetic field, temperature,
density, and height above the solar surface. In
our models, we assume an isothermal corona
with a temperature of 1.5 MK. The density
decreases with height exponentially to balance
the gravity. Under these assumptions and using
the constructed magnetic field models, we have
calculated Stokes I, Q, U, V using FORWARD.
We then obtain the linear polarization degree
L/I, where L =
√
Q2 + U2.
We perform FORWARD calculations for dif-
ferent magnetic field models we constructed,
and compare the modeling results with COMP
observations. As mentioned above, the mag-
netic field lines of Model 1 match the struc-
tures in AIA images and coronal red line images
best. We find that this model also matches the
CoMP observations of polarization best. Figure
5 compares L/I (logarithmic scale) measured by
CoMP with the theoretical L/I calculated from
Model 1 and Model 2 (potential field model). It
is obvious that Model 1 reproduces the lagomor-
phic structure in linear polarization observed by
CoMP, while the potential field model repro-
duces only one ear. This result implies that the
magnetic structure of the cavity is a twisted flux
rope, which produces the lagomorphic structure
in linear polarization. A similar result was pre-
viously obtained by Ba¸k-Ste¸s´licka et al. (2013).
However, the flux rope used in their calcula-
tion is not constructed from observations. The
mismatch between the potential field model and
CoMP observation indicates that this cavity-
prominence system is highly non-potential. A
lot of free energy should be stored in such a sys-
tem, which could provide the energy for possible
eruptions. This cavity appears to be different
from the cavity with a weakly twisted flux rope
in Jibben et al. (2016). Their calculations show
that the potential field model and the best-fit
model have very similar signatures in linear po-
larization.
5. LINE-OF-SIGHT VELOCITY OBSERVED
BY COMP
Besides linear polarization, CoMP can also
measure Doppler shift of the forbidden line Fe
XIII 10747 A˚, which reveals the LOS velocity
component of plasma flows. Figure 6 presents
the line center intensity and Doppler velocity
obtained by using the analytical Gaussian fit
(Tian et al. 2013). The intensity image has
been enhanced using the radial filtering method
developed by Forland et al. (2013). A coronal
red line image taken by CRIT and the simulta-
neously taken AIA 304 A˚ image are also present
in this figure. The AIA 211 A˚ images taken
during the totality are used to co-align the AIA
and CoMP observations. The red line image has
been processed by using the NAFE method.
Arch-shaped structures have been previously
reported from measurements of LOS veloci-
ties within cavities (Schmit et al. 2009). In
our CoMP observation we see an obvious ring-
shaped structure in the Doppler velocity image.
The ring is located exactly in the cavity that
is visible in the Fe XIII 10747 A˚ and red line
images. This ring-shaped Doppler pattern ap-
pears to be similar to the ring-shaped structures
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Figure 5. Left: Degree of linear polarization (L/I, log scale) from CoMP observations of the Fe XIII 10747
A˚ line at 17:21 UT on 2017 August 21. Middle: L/I calculated for Model 1 (best-fit model). Right: L/I
calculated for Model 2 (potential field model). The contours represent locations where the log10(L/I) equals
−1.6 in Model 1. Model 1 nicely reproduces the lagomorphic structure in linear polarization observed by
CoMP. The white line in each panel marks the edge of the moon at 17:18 UT.
reported by Ba¸k-Ste¸s´licka et al. (2016), indicat-
ing hot plasma flows along a helical magnetic
structure. Such a scenario is consistent with the
magnetic field configuration of a flux rope with
its axis aligned in the LOS. So the Doppler shift
measurement also supports the interpretation of
the cavity as a flux rope. It is worth mention-
ing that such a Doppler pattern was not found
in the cavity studied by Jibben et al. (2016),
which may be related to the fact that the mag-
netic fields within their cavity are only weakly
twisted. Future statistical investigations may
need to be performed to examine whether such
ring-shaped Doppler shift structures are present
only in highly twisted flux ropes.
The cavity-related prominence observed in the
AIA 304 A˚ passband appears to be spatially
offset from the center of the ring. Also the
top of the prominence is not located below
the largest Doppler velocity, which is different
from the results in previous statistical study
of Ba¸k-Ste¸s´licka et al. (2016). However, the
prominence still lies at the bottom of the cav-
ity and at the dips of the magnetic field lines in
Model 1.
6. TEMPERATURE STRUCTURE OF
THE CAVITY
The intensity ratio (RI) of Fe XIII 10747 A˚
and Fe X 6374 A˚ is sensitive to the electron
temperature. Thus, information about the tem-
perature of the cavity can be inferred from this
ratio, if we assume an isothermal plasma along
the line of sight. It is worth mentioning that in
the case of ionization equilibrium this method is
valid only in the temperature range of ∼106 K –
106.3 K, where both the Fe XIII 10747 A˚ and Fe
X 6374 A˚ lines are present. The relationship be-
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Figure 6. (a) The cavity seen in the enhanced line center intensity of Fe XIII 10747 A˚ observed by CoMP.
(b) Doppler velocity of Fe XIII 10747 A˚ observed by CoMP. (c) The cavity seen in the NAFE-processed
coronal red line image observed by CRIT. (d) The cavity-associated prominence observed in the AIA 304
A˚ passband. The FOV is the same as that of Figure 5. Images shown in the panel (a) and (b) were taken
at 17:14 UT, and (c) and (d) at 17:18 UT on 2017 August 21. The ring-shaped structure in the Doppler
velocity image is outlined by green contours with a level of −2.6 km/s. The white line in panels (a)–(c)
marks the edge of the moon at 17:18 UT.
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tween the calibrated intensities (IXIII , IX) and
the observed counts (IXIII obs, IX obs) for both
lines can be expressed in the following way:
IXIII = KXIII × IXIII obs
IX = KX × IX obs
RI =
IXIII
IX
=
KXIII
KX
×
IXIII obs
IX obs
=
KXIII
KX
× R
where R = IXIII obs
IX obs
is the observed intensity
ratio of Fe XIII 10747 A˚ and Fe X 6374 A˚,
and KXIII and KX are the calibration factors
for Fe XIII 10747 A˚ and Fe X 6374 A˚, respec-
tively. Unfortunately KX could not be precisely
determined since the exposure time was not ac-
curately recorded during the totality. As a re-
sult, we could not determine the absolute values
of the temperature at different locations. How-
ever, since this intensity ratio monotonically in-
creases with the temperature, we can still exam-
ine where the temperature is higher or lower by
comparing the values of R at different locations.
Using the unprocessed images of Fe XIII 10747
A˚ and Fe X 6374 A˚ observed by CoMP and
CRIT, respectively, we have obtained the spa-
tial distribution of R in the corona. Figure 7(a)
& (b) present the NAFE-processed red line im-
age and the image of R, respectively. Figure
7(c) shows the variation of R along ten arcs that
are placed at different heights above the limb.
These arcs are parallel to the limb. The theo-
retical relationship between the Fe XIII 10747
A˚/Fe X 6374 A˚ intensity ratio (RI) and elec-
tron temperature, as calculated from CHIANTI
v7.1 (Landi et al. 2013) under the assumption
of ionization equilibrium, is presented in Figure
7(d). Here we can see that a larger RI indicates
a higher temperature. Since RI is proportional
to R, we can conclude that the temperature is
higher when R is larger.
We find that R is nonuniform within the cav-
ity, suggesting different temperatures at differ-
ent parts of the cavity. The southern part of
the cavity appears to reveal smaller R values,
indicating lower temperatures there. The R
values, and thus the temperatures, are higher
in the northern part of the cavity. We also
find a high-R region at the top of the cavity
(the yellow contours in Figure 7(a) & (b)),
which just sits above the flux rope marked by
the Doppler contours. It is possible that most
cold plasmas are constrained at lower heights
and there are mainly hot materials above the
flux rope. Another possible explanation is
that the plasmas there are heated through
magnetic reconnection at the separator be-
tween the magnetic flux rope within the cavity
and the ambient magnetic fields, or dynamical
friction/hyperdiffusion along the magnetic flux
surface (van Ballegooijen & Cranmer 2008).
The temperature structure of this cavity ap-
pears to be more complex than that of Reeves et al.
(2012), where an obvious temperature increase
was found in the core of the cavity. It is also
possible that at some pixels there are multiple
emitting sources with different temperatures
along the line of sight, which can affect our
temperature diagnostics.
7. SUMMARY
We present results from an investigation of a
coronal cavity observed above the western limb
in the coronal red line and green line by two
telescopes operated respectively by Peking Uni-
versity and Yunnan Observatories during the to-
tal solar eclipse on 2017 August 21. To under-
stand the magnetic field structure of the cav-
ity, a series of magnetic field models are con-
structed based on the magnetograms taken by
SDO/HMI. We obtain the linear polarization
for different models through FORWARD calcu-
lations, and compare the model outputs with
CoMP observations of the linear polarization.
The magnetic field lines in the best-fit model
match the coronal structures in the red line im-
ages and AIA 171 A˚ images. The dips of the
model field lines match the limb prominence ob-
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Figure 7. (a): The cavity seen in the NAFE-processed coronal red line image. (b): The ratio (R) of the
observed intensities of Fe XIII 10747 A˚ and Fe X 6374 A˚, calculated from the unprocessed images. The green
contours are the same as in Figure 6. The yellow contours represent locations where R equals 3 within the
cavity. The white solid lines mark the edge of the moon at 17:18 UT. (c): The values of R along the ten
white arcs shown in the upper panels. The boundary of the cavity is marked by the blue asterisks in panels
(a) & (b), and indicated by two asterisks on the curves of arcs 1–7 in panel (c). (d): The dependence of the
intensity ratio (RI) of Fe XIII 10747 A˚ and Fe X 6374 A˚ on the electron temperature, as calculated from
CHIANTI v7.1.
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served in the AIA 304 A˚ passband. From this
model we have also reproduced the “lagomor-
phic” signature in the linear polarization of the
Fe XIII 10747 A˚ line that is observed by CoMP.
In addition, we find a ring-shaped structure in
the line-of-sight velocity in the cavity, which im-
plies hot plasma flows along a helical magnetic
structure in the cavity. These results indicate
that the magnetic structure of the cavity is a
highly twisted flux rope. We have also investi-
gated the thermal properties of the cavity using
the intensity ratio of Fe XIII 10747 A˚ and Fe X
6374 A˚, and found a nonuniform distribution of
temperature within the cavity.
The twist angle of the flux rope in the best-fit
model is 3.1pi. This value exceeds the critical
twist (2.5pi) derived by Hood & Priest (1981)
for a line-tying force-free magnetic flux rope,
but is below the critical twist (3.5pi) for kink in-
stability given by numerical modeling. On the
other hand, this twist angle is consistent with
the most probable value (2pi − 4pi) of the total
twist angle of interplanetary flux ropes observed
at 1 AU. It is unclear whether the observed flux
rope in the cavity will eventually erupt or not.
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